Abstract-We presented here the findings of linear and nonlinear excitation of an optical fluorescence sensor enhanced with chitosan-based thin films coated on tapered optical fiber for detecting of dinitrobenzene solution compound. The absorbance peak of linear excitation at 441.2 nm shows a small shift to from 540.8 nm to 541.3 nm when 0.003g/ml dinitrobenzene was diluted in acetone. Time resolved fluorescence resulting in decreasing of fluorescence intensities was recorded for both linear and nonlinear excitation. Both showed an agreement of quenching of fluorescence up to 30% of its initial fluorescence due to the free electron transfer from chitosan thin film to the dinitrobenzene. Nonlinear excitation gives more rapid time-resolved florescence after 4 minutes compared to 6 minutes in linear excitation.
INTRODUCTION
The were many attempts by scientists and engineers to develop a more sensitive, miniature and precise sensors using optical fibers is as a result of insecurity episodes in this era [1] [2] . The task to accommodate huge variety of chemical, biological physical, and measurements can represent an extensive drive for optics based sensor research these days [2] [3] [4] . This is due to the fact that optical fiber based sensors have attained to many a number of advantages over conventional electrical sensors. These include their unique characteristics such as low attenuation, inherently safe in chemically aggressive or explosive environments, resistance to radio frequency or electromagnetic intrusion, high sensitivity and easy compliance for various sensing parameters on a particular platform [4] .
Further distinctive benefits of using optical fiber sensors is their low vulnerability to electromagnetic interference, electrically passive operation, light weight, geometrical versatility and remote sensing capability where they can be used for explosive sensing application [5] [6] .
The current trend on sensing of nitroaromatic explosives such as dinitrobenzene (DNB) within the family of trinitrotoluene (TNT), and picric acid (PA) in groundwater or seawater, passenger's luggage in airports, bus or train stations, shopping malls, road blocks and densely traffic areas became so much importance in an effort to arrest the nowadays terrorist activities that hinder the general security of people, environment, public properties and contamination by toxic TNT at military bases [7] [8].
These numerous advantages of optical fiber sensors have witnessed a number of potentials for their applications such as the detection of nitroaromatic compounds involving the TNT families [9] [10] . There are many methods for detecting traces of explosive that include Raman spectroscopy [11] , ion mobility spectrometry (IMS) [12] , Terahertz spectroscopy [13] , molecularly imprinted polymers (MIP) [14] and fluorescence quenching methods [15] . Out of these, fluorescences quenching techniques have become the fast and capable for sensitive detection of explosives compounds [15] [16] . Some methods employing fluorescence quenching for sensing of TNTs include [16] [17] [18] .
Dinitrobenzene (DNB) is a chemical compound and commonly used manufacturing explosive. It can also harm human via skin and breathing and a largely cause for reproductive damage [16] . A small dose of inhaling DNB for continuous period of time will leads to oxygen deficiency in the blood that can lead to death. The fluorescence quenching mechanism is based on electron transfer from the donor to the acceptor molecules [19] [20] . The TNTs are predominantly electron deficient so by photo exciting the fluorophore molecules, electrons are moved to the strong quenching nitroaromatic explosives molecules thereby conveying an extent of selectivity to the detection technique.
We report in this work, the chitosan polymer Chitosan [poly-β(1→4)-2-amino-2-deoxy-D-glucose] modified with a linker glutaraldehyde in solutions and deposited as a thin films on a 1 cm length tapered multimode optic fiber and was used as a fluorescence indicator. This sensing region of the fiber was used as sensor for tracing the concentration of DNB in acetone solution. Time resolved fluorescence resulting in decreasing of fluorescence intensities was recorded for both linear and nonlinear excitation.
II. SENSOR PREPARATION

A. Chitosan preparation
Medium molecular weight Poly(D-glucosamine), Deacetylated chitin and cross-linker Glutaraldehyde grade II, 25% in water were purchased from Sigma-Aldrich, grade AR 100% acetic acid from Glacial while the chloroform was obtained from the Fisher chemicals. Preparation of chitosan solution was carried out by first making 1% acetic acid in 99% of water. Then 0.5% chitosan by adding 0.1g of chitosan in 20ml of water and put on a WiseStir MSH-20D using 450-rpm at room temperature for 15minutes. The constituents of coating the fiber and absorbance experiments were prepared by adding 100µl of glutaraldehyde and 100µl of chloroform to 1.5ml of chitosan solution for sample 1, then 200µl of glutaraldehyde and 100µl of chloroform were added to 1.5ml chitosan solution for sample 2, sample 3 by diluting 200µl acetic acid in 1.5ml of chitosan solution while 1.5ml of chitosan only for sample 4. The four samples were assembled and hold for vigorous shaking on Mixer UZUSIO VTX-3000L until there were uniformity between all the molecules involved. The sources of light available for this experiment includes 435nm UV laser diodes and a femtosecond fiber laser 780nm (250Mhz, 11fs) from MenloSystems, Gmbh. Figure 1 shows the experimental setup for the sensors. Ocean-optics spectrometer USB4000 was used as a detector and the absorbance, and intensity spectra was recorded directly via a computer. 
B. DNB preparation
The sample 1, 4dinitrobenzene (Analytical Grade, SigmaAldrich) was prepared by first dissolve 0.5mg/5ml of DNB in acetone (Fisher Chemical) solvent to form the working sample. This was then diluted further to obtain various concentrations at 0.001mg/ml (1ppm), 0.002mg/ml (2ppm), 0.003mg/ml (3ppm) and 0.01mg/ml (10ppm).
C. Fiber optic preparation
A length of 20 cm of a standard multimode step-index optical fiber was cut and tapered 1 cm at the center using furnace glass processing machine (Vytran, GPX-3000) available in our laboratory. The tapering of the fiber was performed by setting all desired parameters as shown in figure  2 . The tapered region, which was set to become 60 micron in diameter, was chosen as it was reported in [21] to be the most effective evanescence field created at the boundary of the dielectric material and other material. The tapered region was cleaned using ethanol and allowed to evaporate in air at room temperature. Pigtails were connected at the ends of the fiber by splicing method using typical fiber optic fusion splicer (Sumitomo Electric, Z1C). The prepared fiber was cleaned again using ethanol and allowed to dry. The sensor is then prepared using the procedure described earlier and the polymer layer was deposited by dipping method for one hour. The fiber was then put in an oven set at 70 o for 6 hours to anneal and evaporate the solvent. This linking agent improved the firmed attachment of the polymer to the tapered portion of the fiber. To proof the thin films was attached to the fiber, one of the fiber was cleaved (sample 2) and the tip was measured using scanning electron microscopy (SEM). As shown in Fig. 3 , the chitosan thin films attached to the fiber with the thickest films measured to be around more than 300 nm. Average thickness was found to be 250 nm layering around the sensing region of the fiber. 
III. RESULT AND DISCUSSION
A. Absorbance Test
First, to confirm that the linear and nonlinear excitation existed for the sensor containing chitosan, absorbance test were performed on chitosan samples 1 to 4. The results are shown in Fig. 4 and Fig. 4 reveal that from all the samples measured, only sample 2 give a smooth curve and has a peak absorbance at 452. 6 nm. Chitosan only solutions (sample 3 and 4) gives only a constant absorption which corresponds to earlier studies [22] regarding the needs for a linker glutaraldehyde and chloroform to have a selectivity to attach to DNB. Fig.5 shows sample 1 and 2 only. This is due to the fact that sample 3 and 4 does not have any particular peak as in previous Fig. 4 . From the figure, both samples have an absorption wavelength at 775 -778 nm broad region. This was anticipated since the femtosecond use in this experiment has a broad spectrum around 780 nm that is typical for any femtosecond spectrum. From both Figs., sample 2 was chosen to perform the sensing of DNB since the linear and nonlinear absorbance profile shows sample 2 has the most attractive attributions to be used as a fluorescence sensor. This shows that the difference in sample 1 and 2 in glutaraldehyde concentration shows that the linker increasing the possibility of chitosan polymer to binds with DNB Figure 5 . The broad absorbance spectra for nonlinear excitation at 780 nm femtosecond fiber laser. Using the same configuration as in Fig. 4 , the sample chamber was filled with the DNB solutions respectively and was checked for its absorbance profile using liner excitation. Fig. 6 shows the results for various DNB concentrations. It was found out that the absorbance was shifted to the shorter part of the spectrum compared to only sample 2 absorbance profile (see green line, Fig. 4 ). This is anticipated since the introduction of an alien material to the fiber will induce changes to the light profile that is fundamental basic of optical sensor based on spectrum interrogation. Moreover, red-shift was observed when the DNB concentrations increases in the sample. Based on the absorbance spectra showed earlier in Fig.  4 , the shift to the right can be projected for any DNB solution samples exceeded 0.01mg/ml. Although Fig. 6 only shows 4 different concentrations, 0.003 mg/ml DNB sample has a very high absorbance at compared to others and it is chosen to perform the fluorescence measurement. Fig. 7 and Fig. 8 shows the intensity profile detected for DNB 0.003 mg/ml for linear and nonlinear excitation respectively. The fluorescence of linear excitation has a peak at 541.1nm and for nonlinear excitation has a peak at 559.3nm. It was recognized that both linear and nonlinear fluorescence differs in its peak due to the differences of absorbance as discussed previously. Repeatability of the experiments is yet to be performed. Comparison between linear and nonlinear excitation can be seen in Fig. 9 below. From the figure, two obvious differences can be spotted, first is the amount of intensity detected, which in nonlinear excitation, the transformation of excitation to fluorescence emission is much smaller than in linear case. However, it was shown that the quenching time for nonlinear is much faster compared to linear excitation (2 minutes) which shows that nonlinear excitation is favorable if the detection is needed rapid for detecting hazardous material such as DNB. Both linear and nonlinear excitation shows drop of fluorescence nerly 30% due to the exchange of free electron between chitosan and DNB.
B. DNB Sensing
IV. SUMMARY
We showed in experiment the usage of tapered MMF optical fiber sensor coated with a polymer thin film in detecting hazardous and explosive material DNB in acetone solvent. We also differentiate between linear and nonlinear excitation, that provide significant result on nonlinear excitation can be used as source for sensors. The rapid reduction of fluorescence quenching in nonlinear excitation via femtosecond laser is favorable in area that the sensor needs to give an immediate analysis of what its sense.
